Characterization of non-8-17 sequences uncovers structurally diverse RNA-cleaving deoxyribozymes.
RNA-cleaving deoxyribozymes (DNAzymes) can be isolated from random-sequence DNA pools via the process of in vitro selection. However, small and simple catalytic motifs, such as the 8-17 DNAzyme, are commonly observed in sequence space, presenting a challenge in discovering large and complex DNAzymes. In an effort to investigate underrepresented molecular species derived from in vitro selection, in this study we sought to characterize non-8-17 sequences obtained from a previous in vitro selection experiment wherein the 8-17 deoxyribozyme was the dominant motif. We examined 9 sequence families from 21 motifs by characterizing their structural and functional features. We discovered 9 novel deoxyribozyme classes with large catalytic domains (>40 nucleotides) utilizing three-way or four-way junction structural frameworks. Kinetic studies revealed that these deoxyribozymes exhibit moderate to excellent catalytic rates (k(obs) from 0.003 to 1 min(-1)), compared to other known RNA-cleaving DNAzymes. Although chemical probing experiments, site-directed mutational analyses, and metal cofactor dependency tests suggest unique catalytic cores for each deoxyribozyme, common dinucleotide junction selectivity was observed between DNAzymes with similar secondary structural features. Together, our findings indicate that larger, structurally more complex, and diverse catalytic motifs are able to survive the process of in vitro selection despite a sequence space dominated by smaller and structurally simpler catalysts.